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Subarachnoid-pleural ﬁstulas are a rare but serious complication following either surgery or trauma to
the spine or thorax. We present a case of a 3-year old girl who presented with a massive pleural effusion
3 months after spinal surgery. She was diagnosed with a subarachnoid-pleural ﬁstula with the use of
pleural ﬂuid analysis for b2-transferrin and CT myelography. She required surgical repair but new evi-
dence suggests there may be less invasive treatment options.
 2014 The Authors. Published by Elsevier Inc.Open access under CC BY-NC-ND license.Subarachnoid pleural ﬁstulas represent a rare but clinically
signiﬁcant complication following spinal and thoracic surgery or
trauma. Presentation can be delayed and it is important to keep a
high index of suspicion with atypical, non-infectious, persistent
transudative pleural effusions as it can be associated with serious
morbidity. We review a case of a subarachnoid pleural ﬁstula in a 3-
year old girl three months after thoracic surgery.1. Case report
A 3-year old girl required a posterior fusion (anterior left
thoracotomy) of T9eT11, for neurological impairment symptoms
as a result of spinal cord compression due to congenital hemi
vertebrae.
A chest/abdomen US done post-operatively incidentally noted a
reversed orientation of the superior mesenteric artery and superior
mesenteric vein. The diagnosis of malrotation was conﬁrmed on a
UGI series. The patient remained asymptomatic, and three months
later underwent an exploratory laparoscopy, that demonstrated a
normal rotation. The night following the laparoscopy, she requiredern Ontario, 401 Smyth Rd.,
1 613 809 9668.
anten).
 Inc. Open access under CC BY-NC-NDoxygen and on post-operative day 1 she had signiﬁcant increased
work of breathing. Her oxygen saturation on room air was only 85%.
On examination she was in moderate respiratory distress with
intercostal indrawing and tracheal tug present. Her heart rate was
111, respiratory rate 40 and oxygen saturation 99% on 0.5 L of
supplemental oxygen. She was afebrile. Auscultation of the lungs
revealed near absence of breath sounds over the left lung ﬁelds. She
was awake, alert and her neurological exam was at baseline.
Her chest x-ray revealed a massive left sided pleural effusion
with complete opaciﬁcation of the left lung and tracheal deviation
to the right. A chest tube was placed and immediately drained
300 mL of clear, straw-colored ﬂuid. The chest tube continued
draining substantial amounts over the following 10 days. Attempts
to clamp or remove the chest tube resulted in re-accumulation of
the effusion. At that time the effusion was felt to be reactive sec-
ondary to the laparoscopic exploration. She subsequently under-
went a left thoracoscopy and parietal pleurectomy (post-operative
day 11) but the effusion persisted. She was otherwise well, afebrile
with no infectious symptoms.
As the recurring nature of the pleural effusion was puzzling, a
detailed chart review was performed. Review of the operative
report of the spinal fusion revealed that there was an intraoperative
dural tear which was repaired at that time and tested with an
intraoperative Valsalva maneuver that showed no subsequent leak.
Post-operatively, after removal of the intra-operatively placed chest
tube, the patient developed a large left sided pleural effusion
requiring a second chest tube. The effusion subsequently resolved license.
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symptoms reported.
Given that now the pleural effusion kept reaccumulating and
with the realization that a dural tear had occurred during the initial
surgery there was a high index of suspicion for subarachnoid-
pleural ﬁstula despite the absence of neurological symptoms.
Investigations showed normal complete blood count and elec-
trolytes. Pleural ﬂuid was sent and showed absence of chylomi-
crons, negative culture and negative for acid-fast bacilli. Pleural
total protein was <20 g/L, pleural glucose 4.3 mmol/L and pleural
LDH was 356 U/L. Pleural ﬂuid was positive for b2-transferrin,
which is found almost exclusively in the CSF, conﬁrming the pres-
ence of a CSF leak into the pleura.
MRI spine showed a collection at the spinal surgical bed similar
in appearance to CSF although no deﬁnite ﬁstula tract could be
identiﬁed. CT myelogram conﬁrmed the presence of a 2  2 mm
ﬁstulous tract from the surgical site in the spine and communi-
cating with a left paraspinal ﬂuid collection and to the left pleural
space (Fig. 1). It was determined that the deﬁnitive management for
this was surgical. The patient underwent a thoracotomy with repair
of the dural tear using a fat-pad patch (Fig. 2).
The patient recovered well from her surgery and there was no
further re-accumulation of the pleural effusion.Fig. 2. Intra-operative image demonstrating the subarachnoid-pleural ﬁstula (tip of
the instrument).2. Discussion
Subarachnoid pleural ﬁstulas (SPF) are a rare complication of
thoracic and spinal surgery or trauma. The incidence of SPF has not
been well documented, particularly in the pediatric population. To
the best of our knowledge the number of cases reported in children
is 27, 19 of these following trauma and 8 following surgery. When
related to surgery the incidence is higher in anterior approaches:
2.4% vs 0.23% compared to posterior approaches [1].
The development of an SPF requires that the integrity of the
dura, arachnoid and parietal pleura be compromised [2]. Normally
CSF in the spinal cord is absorbed through arachnoid villi. The
subarachnoid space is a positive-pressure space and in the presence
of SPF with inspiration the negative intrapleural pressure draws CSF
into the pleura [2,3]. The effect of this is two-fold: CSF accumulates
in the pleural space and overwhelms the ability of the lymphatics,
which may have altered ability to absorb the excess CSF, secondaryFig. 1. Spine CT with contrast. Contrast opaciﬁes a small ﬁstulous tract in the antero-
lateral left aspect of the dural sac (black arrow), which communicates with lobulated
left paraspinal ﬂuid collection.to the surgery. Secondly, the constant drawing of CSF into the pleura
prevents the closure of the ﬁstula [2]. Any CSF leak that is identiﬁed
intra-operatively should be repaired at that time. There are several
case reports of SPFs occurring despite appropriate repair of intra-
operatively identiﬁed CSF leaks as was the case with our patient
[2,4]. Complications associated with SPF can be serious and include
meningitis, pneumocephalus, cerebellar infarction, bleeding and
respiratory distress [2].
The timing of onset of symptoms of SPFs has been reported
anywhere from days to months following thoracic/spinal surgery or
trauma [5,6]. In some cases of trauma the diagnosis has been made
years later [7]. Symptoms include respiratory distress, which can be
intermittent or persistent. Patients may have postural headache
due to cranial hypotension, fever, chest pain, nausea, vomiting and
can, in rare cases, present with gait disturbance and confusion or
focal neurological deﬁcits [1,5,6,8]. Patients can lack any neuro-
logical deﬁcits and still present with a massive pleural effusion so it
is essential to have a high index of suspicion if the history is in
keeping with possible or known disruption of the dura.
Chest x-ray is the initial evaluation that conﬁrms the pleural
effusion, which can be bilateral or unilateral and be associated with
a mediastinal shift [2,3,5]. The effusion can rapidly develop and
reaccumulate despite treatment with a chest tube, as happened in
our case. The pleural ﬂuid is transudative (translucent, straw-
colored or colorless) and can be large in volume [3e6,9]. An
important simple diagnostic test is evaluation of the pleural ﬂuid
for b2-transferrin. b2-transferrin is a polypeptide found only in CSF,
perilymph and aqueous humor [3,9]. It is a highly sensitive and
speciﬁc test for detecting the presence of CSF. If immunoﬁxation
technique is used the sensitivity is 100% and speciﬁcity 71%;
with agarose gel technique the sensitivity 87% and speciﬁcity 94%;
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itive b2-transferrin result is helpful in conﬁrming the diagnosis but
further testing must be performed to determine the location of the
leak, which in iatrogenic cases is the site of surgery, but in trauma
may be unknown. Additional pleural ﬂuid analysis should include
testing for chylomicrons and triglycerides to rule out chylothorax
due to disruption of the thoracic duct.
Radionuclide cisternography and CT myelography are the most
commonly used modalities to radiographically identify SPF [1].
Radionuclide cisternography is more sensitive but CT myelography
provides superior anatomic detail which can aid with operative
planning but has a higher false-negative rate [1,2,11].
Once SPF is conﬁrmed treatment may include chest tube
drainage if a pleural effusion is present. Some authors recommend
using a water-tight seal to allow gravity drainage of pleural ﬂuid to
prevent worsening of CSF loss [1,2]. Bed rest and lumbar CSF
drainage may, but do not usually, sufﬁce as treatment unless the
ﬁstula is very small [1]. There have been rates of spontaneous res-
olution reported as 20%, however this is not a consistent ﬁnding in
the literature [3]. Once SPF has beendiagnosed consideration should
also be given to the need for prophylactic antibiotics for meningitis
[1]. Larger ﬁstulas require surgical intervention including primary
closure or patching of the defect [1,2,5]. Indications for surgery
include: 1) failure of conservative measures (including lumbar
drainage) after 7e10 days; 2) severe symptoms including symp-
tomatic pneumocephalus or low-pressure headaches; 3) history of
radiotherapy to the area [1].
Recent reports in the literature have suggested that the use of
positive pressure ventilation (PPV), including noninvasive PPV, may
be effective in the treatment of SPF [12e16]. Kurata et al. report 2
cases of SPF following surgery where noninvasive PPV was applied
for 14 and 15 days respectively with expiratory pressure of 4 cm
H2O and inspiratory pressure of 6 cm H2O [4]. There has only been
one known pediatric case report identiﬁed which used PPV used to
treat SPF, following thoracic surgery. The patient was a 9 month old
infant who received PPVwith intubation for 13 days in addition to a
chest tube [12]. Challenges in the pediatric population with PPV
include issues with compliance with bilevel PPV [12]. The use of
PPV maintains a positive intrapleural pressure and thus promotes
closure of the SPF [4,12]. Although the information in the literature
is limited especially with regards to its success including duration
of treatment and settings, PPV may be a reasonable, less invasive
treatment option for patients with SPF. A recent case report de-
scribes the use of percutaneous injection of Onyx, an ethylene vinyl
alcohol copolymer used commonly in cerebral AV malformations,
given under local anesthesia which is a novel approach to the
treatment of SPF. This requires broader experience in order to
determine if this might be a viable treatment option in the future
[17].
3. Conclusion
It is important to keep a high index of suspicion for the diagnosis
of subarachnoid-pleural ﬁstulas, a rare though serious complication
following surgery or trauma to the spine or thorax. It may present
as a massive pleural effusion in the absence of neurologicalsymptoms. Diagnostic workup should include pleural ﬂuid analysis
for b2-transferrin and cisternography or CT myelography. Man-
agement strategies include conservative measures and surgical
repair. Recent cases have reported the use of positive pressure
ventilation and injection of Onyx under local anesthesia which may
represent less invasive treatment modalities.
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